The proinflammatory cytokine, interleukin-6, up-regulates calcium-sensing receptor gene transcription via Stat1/3 and Sp1/3.
Increased expression of the calcium-sensing receptor (CASR), which controls blood calcium homeostasis, leads to a decrease in the extracellular calcium set-point, thereby reducing parathyroid hormone secretion and renal calcium reabsorption and increasing calcitonin secretion resulting in reduced circulating calcium levels. Critically ill patients with elevated proinflammatory cytokine levels commonly have hypocalcemia, although the mechanism is not known. After intraperitoneal injection of interleukin (IL)-6 in the rat, circulating levels of parathyroid hormone, 1,25-dihydroxyvitamin D, and calcium fell within hours and remained low at 24 h. Expression of CASR (mRNA and protein) increased within hours in parathyroid, thyroid, and kidney and remained elevated at 24 h. The CASR gene has two promoters (P1 and P2) yielding transcripts having alternative 5'-untranslated regions but encoding the same receptor protein. Activities of P1 and P2 promoter/luciferase reporter constructs were stimulated approximately 2-3-fold by IL-6 in proximal tubule HKC cells and TT thyroid C-cells. Studies with P1 deleted and mutated promoter-reporter and Stat1 and/or Stat3 dominant-negative constructs showed that a Stat1/3 element downstream of the P1 start site accounted for the IL-6 induction. There are no Stat elements in the P2 promoter, but Sp1/3 elements are clustered at the transcription start site. A series of transfection P2 promoter-reporter analyses showed that Sp1 together with Stat1/3 was critical for IL-6 responsiveness of P2. By oligonucleotide precipitation assay, IL-6 rapidly promoted a complex containing both Sp1/3 and Stat1/3 on the Sp1/3 elements. In conclusion, Stat1/3 directly controls promoter P1, and the Stats indirectly regulate promoter P2 via Sp1/3 in response to IL-6. By this mechanism, the cytokine likely contributes to altered extracellular calcium homeostasis.